The purpose of this study was to evaluate the effect of protected fat and heat-extruded soybean meal on the lactation performance of Holstein cows. Twenty-four cows, consisting of 20 lactating cows and 4 rumen-fistulated dry cows, were randomly allocated into four groups with 5 lactating cows and 1 fistulated cow in each group. A replicated 4×4 Latin square design with four 21 day periods, including 14 days of adaptation and 7 collection days within each period was employed. The experiment was a 2×2 arrangement, with or without heat-extruded soybean meal and protected fat inclusion. The dietary treatments consisted of supplements of (a) soybean meal (the control), (b) heat-extruded soybean meal, (c) protected fat, and (d) heat-extruded soybean meal and protected fat. The results showed that there were no significant differences in feed intake, milk yield, milk protein content, milk lactose content and body weight change between the dietary treatments. However, cows supplemented with protected fat showed a significantly increased (p<0.05) milk fat yield, 3.5% FCM and total solid yield. The increase in undegradable intake protein (UIP) via heat extruded soybean meal supplement significantly decreased the urea nitrogen concentration in the blood (p<0.05). Dietary fat inclusion significantly increased the blood cholesterol concentration (p<0.01) and decreased the ruminal pH value (p<0.01). Increased dietary UIP significantly decreased the ammonia nitrogen concentration in the rumen (p<0.01), but did not significantly influence the pH and VFA molar percentage in the rumen. It appears that dietary protected fat inclusion could improve milk fat and solid content. Increased dietary undegradable intake protein through heat extruded soybean meal did not improve milk yield. But it could alleviate the adverse effect of decreased milk protein due to dietary fat supplementation. Increased UIP could also decrease the ammonia nitrogen concentration in the rumen and plasma urea nitrogen concentration in the blood. (Asian-Aust.
INTRODUCTION
Lactating cows generally have a negative energy balance in their early lactation. Feeding strategy is therefore emphasized in preventing live-weight loss in addition to maintaining high milk yield (Coppock and Wilks, 1991) . Dietary fat with a high energy density is a means to increase the dietary energy density to improve energy intake. Unprotected fat supplementation however has an adverse effect on fiber digestion (Van Soest, 1982) . The protected or saturated fat supplement to increase dietary energy density generally improves milk yield and milk fat content with no improvement in milk protein content (Maiga et al., 1995) . Fat supplements show a 1 to 2 g/kg reduction in milk protein content (DePeters and Cant, 1992; Klusmeyer et al., 1991) . Therefore the dairy feeder is faced with a severe challenge in maintaining the beneficial effects of dietary fat supplements in improving milk fat content and milk lactose synthesis while preventing milk protein reduction (Schingoethe, 1996) . To alleviate the adverse effects of dietary fat supplements on milk protein reduction, dietary ruminal undegradable protein in addition to fat is supplemented to raise the postruminal metabolizable protein. The revised metabolizable protein system from the NRC (1989) emphasized the ratio of ruminal undegradable to degradable intake protein. This system could improve production efficiency and decrease dietary crude protein requirements (Chiou et al., 1995) . Soybean meal is a major protein supplement in the dairy diet. With excellent palatability and higher amino acid availability, soybean meal also contains a high quality post-ruminal essential amino acid index that is next to only ruminal microbial protein. Soybean meal however contains relatively lower ruminal undegradable protein (only 28 to 34% crude protein; NRC, 1989) . Increasing ruminal undegradable protein in soybean or soybean meal through various means, including heat treatment is therefore a bottleneck in improving milk yield and production efficiency (Nakamura et al., 1992; Schingoethe et al., 1988) . This trial was to increase dietary energy inclusion and undegradable protein through protected fat (prilled fat, PF) with heat extruded soybean meal inclusion, aimed to improve milk production efficiency in early lactation Holstein cows.
Effects of Dietary Heat Extruded Soybean Meal and Protected Fat Supplement on the Production, Blood and Ruminal Characteristics of Holstein Cows* MATERIALS AND METHODS

Experimental design and feeding management
The heat extruded soybean meal was treated at 141°C through a double heated model (Long-Yao Ltd, Taiwan) extruder and used as the undegradable intake protein source (UIP). Carolac ® , a commercial product from the Chemol Company, USA was used as the protected fat. The experimental design was a 2×2 factorial design with replicated 4×4 Latin square. Each period lasted 21 days with 14 days of adaptation and 7 days of sampling. The dietary treatments were two levels of heat extruded soybean meal inclusion (with 11.0% or without) with two levels of fat inclusion (with 2.5% or without); control diet (without extruded soybean meal and protected fat supplement); UIP diet (with extruded soybean meal without protected fat supplement); PF diet (with protected fat but without extruded soybean meal supplement); and UIP+PF diet (combined supplementation of heat extruded soybean meal and protected fat). These experimental diets were formulated according to the NRC (1989) feeding standard based on the performance of cows with 550 kg mean body weight and 30 kg milk yield with 10% surplus as safety factor. These diets are shown in table 1.
A total of 24 Holstein dairy cows, included 20 lactating cows and four ruminal fistulated dry cows, were allocated into four groups with five lactating cows and one fistulated dry cow in each group. The 20 lactating cows consisted of 14 multiparous cows averaging 65.7 days in milking (DIM) and six primiparous cows averaging 65.3 DIM. The ratio of roughage and concentrate was 50:50. The roughage consisted of 35% corn silage and 15% Bermuda grass hay. Total mixed ration (TMR) was mixed at 16:30 everyday. Cows were individually fed the total mixed ration (TMR) at 07:00, 17:00 and 21:00 and were released into a pasture from 05:00 to 07:00 and 09:00 to 16:00 everyday. Drinking water was supplied ad libitum. Cows were milked by a mechanical milking machine (Gascoigne Melette 2000, Holland) at 04:00 and 16:00 everyday.
Both the amount of feed supplied and that leftover unconsumed were recorded individually daily. Milk yield was recorded daily. The body weight of each cow was measured at 15:00 for two consecutive days before and after each experimental period. The four rumen-fistulated Holstein dry cows for the ruminal study had an average weight of 600 kg and were housed in individual pens, 25 m 2 , in a concrete-floor yard with a stanchion located in the center. Feed was TMR to the dry matter level of 1.5% body weight, fed twice daily at 09:00 and 21:00. Drinking water was provided ad libitum.
Sampling and analysis
Approximately 2 kg of the feed and leftover was sampled weekly in each experimental period. Feed samples were oven dried at 60°C, ground through a 1 mm sieve, and stored at -20°C until analysis. The protein degradability for the heat extruded soybean meal and soybean meal was measured using the in situ method. Approximately 7.2 g of sample was placed in a 20×10 cm nylon bag with a 56 (±10) µm pore size (De Boer et al., 1987) . The samples were incubated in the ventral sac of the rumen for 0, 2, 4, 8, 12, 24, 48 and 72 h, respectively, followed by washing three times in a washing machine for approximately five minutes. Samples were then oven dried at 60°C and stored until analysis. The protein content was analyzed using the Kjeldahl method (AOAC, 1984) . The protein degradability was calculated based on an 8%/h rumen outflow rate (Orskov and McDonald, 1979) . The calcium, phosphorus, crude protein and dry matter contents of the feed were measured according to the AOAC method (1984) . The neutral detergent fiber (NDF) and acid detergent fiber (ADF) were measured using the method of Van Soest et al. (1991) . During the collection period (last five days), 20 ml of milk was sampled every other day, mixed and then stored with 0.05% bromopol. Milk composition, including milk fat, protein, lactose and total solids content was measured using a Milk Scanner (255A/B Type, Foss Electric Co., Demark) according to the infrared method. Blood was sampled from the coccygeal vein three times during the collection period using heparinized vacutainer tubes according to the method used by Roseler et al. (1993) . Blood samples were centrifuged at 1,800 rpm for 20 minutes and preserved at -20°C for analysis. Cholesterol and urea nitrogen were measured according to DiGiorgia (1974) using a blood biochemistry automatic analyzer (Ciba Corning Express Plus, USA).
During the last three consecutive days of each period, rumen fluid was sampled five times daily before the morning feeding, and 1.5, 3, 6, 9 h after feeding. A 250 ml vial was placed through fistula into the bottom of the ventral sac in the rumen. With slight stirring, 200 ml of rumen fluid were sampled and the pH was measured using a portable pH meter (Model CD720, WPA Linton Cambridge). The ruminal fluid was filtered through 4 layers of cheesecloth, and 50 ml was sampled, mixed thoroughly with 50% H 2 SO 4 and acidified to a pH below 2 and stored at -20°C for analysis. The concentration of NH 3 -N in the rumen fluid was measured using the AOAC (1984) procedure. The volatile fatty acid (VFA) was measured using the procedure of Erwin et al. (1961) , with 6 ml of thawed rumen fluid placed into a 10 ml tube and centrifuged at 5,000 rpm for 20 min; 6 µl of plasma was sampled and analyzed using automated chromatography (Hitachi G-5000A Gas Chromatography, Japan), with 15% SP-1200 and 1% H 3 PO 4 added to measure the peak fatty acid area. Results were compared with a standard liquid (Spelco WSFA-a), and the individual VFA molar % and mM/L were calculated.
Statistical analysis
A replicated 4 × 4 Latin square design in 2 × 2 arrangement for the feeding and ruminal trial was applied to determine the fat and UIP effects. Analysis of variance was calculated using the general linear models (GLM) procedure of the SAS Institute Inc. (SAS, 1996) . Least square means was used to compare the treatment means according to Steel and Torrie (1980) . Table 2 presents the effect of dietary UIP and PF supplements on lactation performance and blood constituents in dairy cows. No significant performance interaction was observed between PF and UIP (UIP×PF), indicating that a mutual influence on performance did not exist. Dietary PF supplements did not significantly influence the dry matter intake. Several researches obtained similar dietary fat supplement results (Goodling and Grummer, 1998; Grummer et al., 1993) . Rodriguez et al. (1997) showed that a fat supplement led to a significant decrease in dry matter intake, possibly due to the source of fat (Ca soaps of long chain fatty acids) and higher inclusion level (3.4%). This trial employed better-tasting protected fat at 2.5% inclusion level, causing no significant influence on feed intake. The heat extruded soybean meal supplement had no significant affect on the dry matter intake, which corresponded to most findings (Armentano et al., 1993; Johnson et al., 1994; Hsu and Satter, 1995) . The effect of PF and UIP supplement on the body weight change was not significant. All cows in this trial gained weight ranging from 0.16 to 0.32 kg/daily, indicating that the cows were in positively energy-balance. Table 2 presents the effect of the dietary treatment on milk yield and composition. Dietary fat supplementation did not significantly increase the milk yield. This result of fat supplementation on milk yield agreed with many researchers (Drackley and Elliott, 1993; Grummer et al., 1993; Palmquist and Weiss, 1994) in which 1 to 6% protected fat was used to increase milk yield. Dietary PF supplementation significantly increased 3.5% FCM and fat yield (p<0.05), with an increased milk fat concentration trend (p=0.1). This result corresponds to the studies by Jenkins and Jenney (1989) and Tomlinson et al. (1994) in which 2 to 4% protected fat was added to increase 3.5% FCM, milk fat yield and milk fat concentration. This is related to the fact that PF can elevate dietary energy concentration, possibly changing the pathway of milk fat synthesis from fatty acids, sparing glucose consumption in the mammary glands, and directly synthesizing fat from the fatty acids and glycerol to increase milk fat yield (Cant et al., 1993) .
RESULTS AND DISCUSSION
Dry matter intake and body weight change
Milk yield and milk composition
Dietary fat supplement did not significantly influence milk protein yield and concentration, which also corresponds to the study by Knapp and Grummer (1991) in which they added 5% protected fat in the diet. Generally, 2 to 4% PF can increase milk yield yet decrease milk protein content, without effect on the milk protein yield (Rodriguez et al., 1997; Tomlinson et al., 1994) . It was also found that PF tended to increase solid content (p=0.07) and significantly increase the total milk solid yield in milk (p<0.05). This agrees with the study by Rodriguez et al. (1997) , where 3.4% protected fat was added to increase the milk solid content. Added PF can elevate the milk fat concentration without having any effect on the lactose content and yield (Smith et al., 1978) .
Adding UIP in the diet did not significantly improve lactation (p>0.05). Many researchers failed to find any improvement in milk production through an increase in UIP by used heat-treated soybean, feather meal, blood meal or corn gluten meal (Hsu and Satter, 1995; Palmquist and Weiss, 1994; Robinson and Kennelly, 1988; Johnson et al., 1994; Tomlinson et al., 1994) . In this study, UIP was elevated in the diet yet failed to improve milk constituents and production. This may be attributed to the high UIP level in the control, in which the UIP level is already satisfactory for the level of milk production. Supplementation with the heat-extruded soybean meal in an iso-nitrogenous diet with UIP is therefore unlikely to improve the production efficiency in lactating cows. Table 2 presents the effect of PF and UIP supplement on the concentration of plasma urea nitrogen (PUN) and cholesterol in the blood. Supplementation with dietary PF did not significantly influence PUN (p>0.05). Drackley and Elliott (1993) , and Maiga et al. (1995) found similar results. UIP supplementation in the diet showed a significant decrease in the PUN concentration (p<0.05); Broderick et al. (1993) and Tomlinson et al. (1994) obtained similar results. Undegradable intake protein seemed to have influenced the degrading rate of the protein in the rumen and the ammonia nitrogen concentration. Generally, after dietary protein was degraded into NH 3 by ruminal bacteria, if not synchronized with energy to synthesize microbial protein immediately, the ammonia level would increase in the rumen and become diffused through the ruminal epithelial tissue into the blood and transformed into ureanitrogen via the liver. The urea-N serves as an important indication of the leftovers from the microbial protein synthesis in the rumen, which also reflects the amount of degradable intake protein (Refsdal et al., 1985) . The results showed that 2.5% protected fat inclusion in the diet did not produce any negative effect on the protein degradation and utilization in the rumen. The plasma cholesterol concentration was 155, 152, 178 and 174 mg/dL for the control, UIP, PF and PF+UIP group, respectively. Dietary PF supplement significantly elevated the concentration (p<0.01). This corresponds to Drackley and Elliott's (1993) study in which dietary supplementation of 2% fat significantly elevated the plasma cholesterol concentration. However dietary UIP supplement did not significantly influence the concentration. Both DePeters et al. (1989) and Palmquist and Conrad (1978) also had similar results. According to Jenkins and Jenney (1989) , the greater the amount of fat in the diet or the higher the digestion rate, the greater the cholesterol concentration in the blood. Table 3 presents the data for the rumen fluid, with pH values in the control, UIP, PF and PF+UIP group being 6. 49, 6.46, 6.38 and 6.42, respectively . Dietary PF supplementation showed a significant decrease in pH value (p<0.01) in the rumen, while dietary UIP inclusion did not produce a significant effect. This result with the PF supplement was the same as Grummer et al. (1993) in which 1 to 3% fat was added. The result with the UIP supplementation corresponds to the study by Schingoethe et al. (1988) . The result for the rumen pH values was within the normal range of 6.2 to 6.8, reflecting no adverse effect on ruminal fermentation.
Plasma urea nitrogen and cholesterol
The ruminal characteristics
The ammonia nitrogen concentration was 23.3, 20.2, 22.8 and 21.2 mg/dL for the control, UIP, PF and PF+UIP group, respectively; dietary PF supplement did not significantly influence the concentration, but the UIP supplementation significantly decreased the concentration (p<0.01). Broderick et al. (1993) , and Maiga and Schingoethe (1997) also obtained the same results by adding UIP to decrease the ammonia nitrogen concentration in the rumen. These experimental diets were an isonitrogenous design with unequal degradable protein. The main factor influencing ruminal NH 3 -N was the protein degradability. Therefore, increased dietary UIP levels relatively decreased the ruminal NH 3 -N and plasma urea nitrogen concentration (table 2) .
The total VFA in the rumen for the control, UIP, PF and PF+UIP group was 93.0, 101, 91.3 and 97.0 mM/L, respectively (table 3). No significant difference (p<0.05) was observed between these groups. Adding PF in the diet did not significantly influence the production of total VFA in the rumen. This result corresponds to the reports by Rodriguez et al. (1997) , and Palmquist and Weiss (1994) . However, dietary UIP supplement tended to increase the total VFA concentration in the rumen (p=0.1), which contradicted the report by Maiga and Schingoethe (1997) . This contradiction was possibly caused by the different source of UIP supplement, heat-extruded soybean meal was used in this study whereas animal byproduct UIP was included in the other study. The dietary treatment did not significantly influence the molar percentage of individual VFA and propionate to acetate ratio. However, PF supplementation in the UIP inclusion diet significantly decreased the butyrate concentration in the rumen (p<0.05). Kim et al. (1993) , in which 4% PF was added to elevate butyrate and isobutyrate. In this study, the addition of PF and UIP had no significant influence on VFA in the rumen fluid. This indicates that PF is an inactive fat that can maintain the normal rumen environment and will not influence microbial fermentation. The fermentation in the rumen was not influenced by UIP. Even though the UIP group contained less degradable protein, which led to a lower ammonia nitrogen concentration in the rumen, its amount was sufficient to maintain microbial growth. No negative effect was thus produced on the rumen fermentation, VFA concentration or even on production.
The iso-nitrogenous diets in this comparative feeding trial were formulated according to the NRC (1989) nutrient requirements for dairy cows with a 10% surplus for safety factor. In this case, the elevated UIP in the diet could not improve the lactation in cows.
CONCLUSION
Supplementation of 2.5% protected fat in the diet significantly increased FCM, milk yield and milk solid production. It also elevated the cholesterol level in the blood without significantly reducing the milk protein concentration. The fat supplement did not significantly effect ruminal fermentation. Inclusion of 11% heat-extruded soybean meal (141°C) in the lactating diet can decrease the ammonia nitrogen in the rumen and urea nitrogen in the blood, but no improvement in lactation was shown.
